Recently the demand for compact size devices has been increased whether being used for sensor networks, smart phones, smart watches or RFID tags etc. One of the most important parts of these systems is its antenna which facing a big challenge of having a low profile that meets the required size of these wireless communication devices. This paper presents a design of a simple planar strip monopole antenna for WLAN application.
INTRODUCTION
ast years witnessed a very large integration of wireless devices in somehow to be very compact and small in size while working on multiple bands of frequencies, and as much as development advanced in wireless devices these systems require microwave components that have high performance and smaller size.
One of the big challenges for such small size devices is the compacting of their antennas which is difficult because it needs for maintaining antenna edges or aspects effectively equal to some wavelengths which are opposite to the required resonating frequencies used by those wireless communication devices. Microstrip antennas are vastly used in satellite, aviation, military and various commercial applications, due to their suitable size, price, having a good performance and easy for installation. Accordingly microstrip antennas are more nominated to serve as miniaturized antennas and many attempts are devoted for reducing microstrip antennas in size such as using Defected Microstrip Structure (DMS), Defected Ground Structure (DGS), a dielectric substrate of high permittivity at the ground plane or a combination of them [1, 2] 78 metamaterial and fractal method [3, 4] . Some researchers replaced the traditional substrate by a µ-negative metamaterials (MNG) which miniaturize the size of a rectangular patch antenna to 77% [5] Meandering the microstrip feed line has been used in a previous work to perform impedance matching over a very wide band range of frequencies. This technique was suggested for fixing UWB antennas being designed according to certain formulas [6, 7] . In other work the edges of the radiator and ground plane of a planar Tapered Slot Antenna (TSA) have been corrugated to miniaturize its overall size while maintaining its features unchanged [8] .
A square-shaped monopole antenna has been designed by [9] to be operated at a frequency band of 300 MHz -3000 MHz. Then it has been developed by corrugating its radiating element of square-shape laterally. Although the width of the radiating element has been reduced by about 60% but its height was unchanged, therefore no reduction was performed in the height and also after performing this corrugation on the antenna it didn't remain planar anymore. Whereas in this paper the corrugation and meandering will be used to miniaturize the overall size of a simple strip-shaped monopole antenna while keeping the planarity and other features of the parent strip-shaped antenna unchanged. After the design of antennas, simulation has been performed by CST Microwave Studio 2014. Then practical implementation on FR4 PCB boards has been performed and some experimental measurements have been taken via Rohde & Schwarz ® ZVL13 Vector Network
Analyzer which validates the simulation results.
ANTENNA DESIGN
A planner strip shape antenna has been designed as a simple planar monopole antenna to be working on 2.45 GHz for serving in WLAN devices. The planner strip shape antenna is an extension from the microstrip feed line as shown in Fig. (1) . The size of antenna has been designed according to [10] as follows:
Where the values of r and L are the radius and height of a virtual cylindrical monopole antenna, respectively. This virtual antenna considered as an equivalent for the strip-shaped planar monopole antenna. And according to this method suggested in [10] , they could be calculated as follow:
Where L rad is the length of the strip-shaped radiator, W T is the width of the microstrip feed line, P is the length of the 50 Ω feed line in cm between the ground plane and the radiator, but in this design the radiator considered as an extension to the microstrip feed line by having the same width, therefore P will be omitted or included in the L rad dimension, and .
The approximated value of ε eff is given by [11] :
If FR4 substrate having a thickness of 1.6 mm is used, then equation (4) gives ε eff = 2.65, and accordingly k will be 1.627. This value is suggested by [12] to be taken 1.15 as empirical value. Therefore if the lower frequency is chosen to be 2.45 GHz, then L rad = 25.4 mm but will be taken (25.5 mm).
The ground plane length has been taken as a quarter of the effective wavelength , and . The value of ε r for FR4 substrate is 4.3 and the frequency has been taken 2.45 GHz for WLAN, then ( =58.4 mm) and L G = 14.5 mm.
The width of the microstrip feed line W t has been calculated from the following equation [13, 14] :
Where Z o is the characteristic impedance of the microstrip feed line, h is the thickness of substrate which has been taken 1.6 mm as a typical value, t is the metallization thickness which is taken as 0.035 mm, W StrL is the microstrip feed line width, and ε r for FR4 substrate is 4.3. Therefore, for a characteristic impedance of 50 Ω, W StrL must be equal to 3 mm, and for simplicity W StrL has been named W t in Fig.1 . The aforementioned design parameters and others are shown in the Table 1 . 
MINIATURIZATION
After designing the strip-shaped planar antenna, it is required to miniaturize it while maintaining its characteristics. The miniaturization has been performed via two different ways. Firstly, it has been done by corrugating the edges of the strip-shape radiator in somehow to get repeated slots on edges. These slots have been optimized by simulation to get optimum depth (W Slot ) and length (L Slot ) as shown in Table 2 . This technique has reduced the actual physical height of the radiator but the required electrical path in front of the current has been almost kept unchanged, because the current flowing through the radiator will mainly distributed at edges and it will follow a corrugated path in its flow to get the required path length just like the original strip-shaped antenna. Accordingly, the required features of the antenna have been maintained while the overall size is reduced to 89.3% (37.5*24/42*24=0.8928) of the original antenna. The second technique was achieved through meandering the strip-shaped radiator to reduce the overall height of the radiator while maintaining the required actual path against the current. Therefore physically the overall height has been reduced while the required electrical length has been maintained to keep resonating at the same frequency as that of the original antenna. The meandered strip-shaped antenna is shown in Fig.3 and all of its parameters are listed in Table 3 . The dimensions of this antenna have been optimized to get closer features to the parent antenna, and the overall size is reduced to 85.7% (36*24/42*24=0.857) of the original antenna. -2 - Fig.4 shows the simulated return loss for the strip-shaped monopole antenna, corrugated strip-shaped monopole antenna, and meandered strip-shaped monopole antenna. It shows that all of these antennas are maintaining their working on the 2.45 GHz band for WLAN while the meandered strip-shaped antenna advanced in getting another resonant band suitable for 5.5 GHz as well. Investigating the surface current distributions Fig.s5 to Fig.7 for the three designed antennas, it has been concluded that the current is mostly concentrated at the edges of the radiators. Therefore in corrugated strip-shaped antenna the current will follow the corrugated path of the radiator edge and it will cross the required path with less height compared to the straight strip-shaped antenna, which validates this technique of miniaturization. The same thing happened in the meandered strip-shaped antenna as well, but this time it has been done by meandering the whole strip-shaped radiator to get more reduction in the overall height and more forcing of the current to follow a meandrous or zigzag way. Fortunately, this technique has gained another resonating at higher frequency band of WLAN around 5.5 GHz, thus became a dual-band WLAN planar antenna instead of single-band.
After completion of the design and simulation of aforementioned antennas, all three antennas have been fabricated as shown in the section (b) of Fig.s1~3 , and tested via Rohde & Schwarz® ZVL13 Vector Network Analyzer. The return loss data has been measured for all three antennas and plotted as comparison with their simulation one as shown in Fig.s8~10 . The measured data almost agree with the simulated one except some deviations due to imperfection of fabrication, especially that of shifting of the lower resonating dip. Nevertheless, the practical measurements validate the design and the modification done to miniaturize the size of the strip-shaped antenna. Therefore the miniaturized antennas will be working with almost same features with least size and this was the goal of this research.
The simulated and measured radiation patterns in E and H planes for the three antennas are shown in Fig.s 
CONCLUSIONS
Two techniques have been introduced to miniaturize a simple strip-shape monopole antenna. Firstly, by corrugating the edges of the strip-shaped radiator. Secondly, by meandering the radiator. It has been shown that both techniques were succeeded in miniaturizing the overall size. In corrugation method the size has been reduced to 89.3% of the original parent antenna (i.e. the strip-shaped antenna), while in meandering method the size has been reduced to 85.7% of the parent antenna. Results shown that meandering technique was more efficient due to the reduction in size was done by 14.28% which is more than 10.7% for the other technique. Another advantage found by getting a dual-band resonating by meandering which enables working on dual-band of WLAN. Radiation patterns hasn't affected by the radiator shape modifications performed by both techniques. The measured data have also validated the simulated results. 
